ABSTRACT. A revision of Microchirita (C.B.Clarke) Yin Z.Wang (Gesneriaceae) in Malaysia is presented as a precursory paper for the Flora of Peninsular Malaysia account. The taxonomic treatment includes a key for identification, detailed descriptions of the species, information on seed morphology (illustrated by Scanning Electron Microscopy micrographs), and a discussion on distributions, including maps, and the conservation status for each species.
Introduction
The genus Microchirita (C.B.Clarke) Yin Z.Wang was raised by Wang et al. (2011) from Chirita section Microchirita C.B.Clarke based on molecular phylogenetic studies by Möller et al. (2009) and Wang et al. (2011) . This change of status was also supported by Weber et al. (2011) . Microchirita comprises approximately 28 species in India (Western Ghats and NE India), southern China, Indochina, Myanmar, Thailand, Peninsular Malaysia, Borneo (Sarawak) and Indonesia (Sumatra, Java, Bali and Sumba). The highest concentration of species is in Thailand (Weber et al., 2011; Middleton & Triboun, 2013; Puglisi et al., 2016) . Of the six taxa recognised in Peninsular Malaysia two are endemic, Microchirita ruthiae Rafidah and M. sericea (Ridl.) A. Weber & Rafidah (Rafidah, 2011) . Microchirita species are herbs that usually grow in forest or on exposed rocks in the open or in light shade. In Malaysia, the genus is restricted to limestone areas (Henderson, 1939; Kiew, 2009) .
In preparation for the Flora of Peninsular Malaysia account, complete descriptions of all Malaysian Microchirita species were prepared. The aim of the study was to examine morphological characters in detail, including ones that in previous descriptions were incompletely described, through the observation of living plants and herbarium specimens. These characters include colour, stigma form, hairs on corolla, and seeds. Furthermore, the distribution and the conservation status of each species is assessed. Recommendations have been made regarding their long-term protection.
A need for protection
Limestone karst hills and caves are an integral part of our natural heritage that have taken millions of years to form and, therefore, cannot be sustainably exploited. Limestone hills are especially rich in biodiversity which is often found in no other habitats. Therefore, national conservation action plans must urgently be implemented to protect these hills. National programmes should include long-term holistic strategies that balance the use of limestone hills and the preservation of their unique biodiversity. There are potential non-destructive uses of limestone hills for their caves, possible sustainable bird's nests harvesting, their value as scenic landscapes and monuments, their archaeological and cultural heritage, and their recreational value.
Actions: Threatened species require conservation action plans that include more intensive surveys, particularly for endemic species and threatened species. Species categorised under guidelines from IUCN (2012) as Critically Endangered (CR) or Data Deficient (DD) hold the greatest conservation concern due to a combination of extreme rarity and loss of habitat.
Legal status: Chua et al. (2009) suggested limestone hills should be included in the Permanent Forest Reserves network or that the protected status of Totally Protected Areas should be properly enforced. Microchirita species are restricted to limestone hills, so any disturbance to these limestone hills creates an impact on the included flora.
Buffer zone: In Peninsular Malaysia, apart from the limestone hills within Taman Negara, it is rare to find a hill with any surrounding forest left intact (Kiew, 1991) . Karst hills are a unique habitat for several rare and endemic plants. In Peninsular Malaysia an estimated 1250 species are found on limestone (which is 22% of the Peninsular Malaysia flora), of which at least 125 species are endemic to limestone. Microchirita species mostly grow at the base of hills, especially the more widespread species such as M. caliginosa, and it is therefore important to have a buffer zone around these hills.
Awareness & education:
To support the conservation of limestone hills, awareness of the threats to this habitat in the general public and by state authorities needs to be promoted.
Material and methods
Microchirita specimens were examined from the following herbaria: BK, BKF, BO, E, K, KEP, KLU, L, SAN, SAR, SING and UKMB (Thiers, continuously updated) . Complete descriptions are based on herbarium specimens as well as observations on living material from field studies, together with materials cultivated in the FRIM (Forest Research Institute Malaysia) nursery. Digital colour photographs were taken to illustrate morphology and habitat.
To examine the testa surface, seeds of Microchirita species were removed from fruits of herbarium specimens or from fresh material and were mounted using double-sided tape on aluminium stubs. They were then sputter coated with gold at 20 mA for 90 seconds. The specimens were then examined under a Scanning Electron Microscope, models FEI (Quantum 200) and JEOL (JSM-6400). Micrographs were made to record details of the seed at various magnifications.
To prepare distribution maps of a particular species/taxon, data from herbarium specimens were entered directly into BRAHMS (Botanical Research and Herbarium Management System) database software. The conservation status assessment for all species was made using the modified Malaysian Plant Red List Categories which is used solely for species growing in Malaysia (Chua & Saw, 2006) . The Malaysian Rare (RA) category is an additional category to the IUCN Red List Categories (Chua, 2012) and refers to taxa that are rare but not necessarily in danger of extinction. A taxon data information sheet was completed for each species and the information was uploaded into the Malaysia Clearing House Mechanism website (http://www.chm. frim.gov.my/). The Extent of Occurrence (EOO) and Area of Occupancy (AOO) were calculated for each species using ArcView GIS 3.2a software. Distribution maps of all species are shown in Maps 1-7.
Conservation status and threats
In Malaysia, the limestone flora has repeatedly been recognised as critically endangered (Davis et al., 1995a (Davis et al., , 1995b Chua et al., 2009; Saw et al., 2009; Kiew et al., 2011) and has been identified as one of the Important Plant Areas (IPAs) . In Peninsular Malaysia, limestone karst hills are mostly concentrated in the central and northern states and most hills lie on state land that has no legal protection ). According to Kiew (1991) , the limestone flora is particularly vulnerable because it occupies such a small area (0.4% of the land area of Peninsular Malaysia), and is threatened by quarrying and mining, land clearance for agricultural practices, burning, flooding by hydroelectric dams, temple building and damage associated with recreational activities. Price (2001) stated that in 1975, a total of 62 limestone hills were quarried (3 in Perlis, 8 in Kedah, 32 in Perak, 3 in Selangor, 7 in Pahang and 6 in Kelantan). However by 2013, there were 66 active quarries in Perak (Ramli et al., 2014) alone. In Sarawak, the major threats to the vegetation of limestone hills include farming activities, which can lead to the burning of limestone vegetation, quarrying and the collection of plants for sale.
The current critical threats to Microchirita species are mostly from quarrying and mining of the limestone, mostly for cement, thereby destroying the habitat and the vegetation. Endemic species are the most vulnerable to extinction. Other threats to the plant populations are land clearance around the foothills, mostly for agriculture leading to changes in microclimate and increased risk of fire, particularly in Kelantan and Pahang, and also from direct human disturbance.
Microchirita species are not economically valuable but rather have value as flagship species of threatened limestone habitats because they are found nowhere else. Table 1 summarises the conservation status of each species of Microchirita in Malaysia. Two taxa are categorised as Least Concern (LC), one as Near Threatened (NT), one as Vulnerable (VU) and two as Endangered (EN). None of the Microchirita species in Malaysia are categorised as Extinct (EX). The two taxa that are categorised as LC occur within the network of Totally Protected Areas (in Taman Negara) and have no known current threats. Of the three threatened taxa, the two Endangered taxa, Microchirita ruthiae (found only in Kelantan) and M. sericea (found only in Perak, Perlis and Kedah), are endemic to Peninsular Malaysia and the hills where they grow are not legally protected and are threatened by quarrying. The Vulnerable taxon, Microchirita rupestris (Ridl.) A.Weber & Rafidah, is categorised as Vulnerable in Malaysia whereas globally it should be considered Least Concern (Middleton, pers. comm.) . Further details are under each species.
Notes on selected habitat and morphological characters
In Peninsular Malaysia, as elsewhere, Microchirita species are morphologically very similar, especially when sterile. Nevertheless, there are a few characters that separate the species even though vegetative and reproductive characters can be variable. Observations in the field, together with photos, are important in recording diagnostic characters that cannot be seen or are difficult to see in dried herbarium specimens.
Microchirita caliginosa (C.B.Clarke) Yin Z. Ridley (1905, 1908, 1923 ) relied on bract characters in his keys to Microchirita species, thus treating this character as diagnostic. Two species of Microchirita have conspicuous bracts: M. rupestris (saucer-shaped bract) and M. involucrata (foliose bract) (Fig. 1) .
There are differences in the size and indumentum of the calyx lobes but the differences are small. In general, the indumentum of the calyx of Microchirita caliginosa and M. ruthiae is similar in their glandular and eglandular hairs. Microchirita rupestris and M. viola have ciliate hairs while M. sericea has densely sericeous hairs.
The shape of the corolla tube varies from slightly curved to more strongly curved downwards. The length of the corolla tube ranges from 1.4-5.5 cm and the width from 2-4 mm. The colour of the corolla tube varies from cream, yellowish, pale purple to dark purple, to occasionally whitish. The throat colour for all Microchirita species is yellow or whitish, except for M. involucrata that usually possesses a dark red throat.
The glandular hairs in the throat of the corolla in some species are translucent or glistening-translucent, bead-like hairs except for M. rupestris that has a cluster of hairs (not bead-like) around the corolla mouth. Microchirita viola differs from the other species in having conspicuously attractive golden yellow, glandular bead-like hairs that can be seen from the corolla mouth.
In general, the corolla lobes are usually unequal in all Microchirita species, and the lowest lobe is the largest. Microchirita viola is distinct from all the other species by having the median lower lobe much longer than the other two lobes. The width of the lobes was measured from lobe to lobe (across). The width of the Microchirita sericea corolla reaches to 3 cm across while the rest are less than 2.5 cm wide and most range from 1.2 to 2 cm. The colour of the lobes is always much darker than that of the corolla tube and varies from whitish, pale blue, pale purple to deep purple or violet. The lobes may be striped or almost plain-coloured (Fig. 2) . Microchirita viola and M. sericea have conspicuously striped lobes while the others possess faint stripes.
In Peninsular Malaysia, flower colour is of great importance in separating the species even though this character is lost on dried specimens. Flower colour is constant, only a few have occasional white flowers in purple populations. Photographs of the flowers are therefore crucial.
Microchirita species have two stamens and the filaments are usually curved and geniculate with the exception of M. involucrata and M. ruthiae that have straight filaments. The anthers are generally fused apically or joined. However, the anthers of Microchirita ruthiae are free and not joined together.
Two types of hairs, glandular or eglandular, are found on the ovary and style in Microchirita species. Microchirita caliginosa and M. ruthiae have both types of hairs, while the others consistently only have eglandular hairs. In fresh flowers, stigma colour varies from white, whitish green, pale purple to deep purple, independently of the colour of the style or the corolla. The stigmas are shallowly bilobed or deeply bilobed and covered with papillate trichomes. Unequal stigma lobes are seen in Microchirita involucrata.
The seed shape in Microchirita species ranges from narrowly ellipsoid through ellipsoid to broadly ellipsoid or broadly ovoid (Table 2) . Species with a seed length:width ratio of 3:1 (seen clearly in Microchirita viola) are described as narrowly ellipsoid, which distinguishes it from the other species. Those with a ratio 2:1, such as Short-lived or rarely perennial, caulescent (erect or creeping) herbaceous plants; stem branched or unbranched, sometimes slightly woody, often fleshy, indumentum of white or silvery soft, glandular hairs. Leaves opposite, whorled or decussate; petiole long or short, winged or not; lamina variable in shape, ranging from narrowly elliptic to ovate, base sometimes unequal, margin entire or serrate. Inflorescences axillary, epiphyllous, crested or cymose, one-to many-flowered; bracts free, cup-shaped, leaflike or caducous. Flowers: calyx pentamerous, free to base, appressed in the fruit; corolla bilaterally symmetrical, tubular to broadly funnel-shaped with 5 lobes, upper lip 2-lobed, lower lip 3-lobed, lobes rounded; stamens 2, filaments adnate to the corolla, anthers fused either apically or joined by a ligature, rarely free, anther-thecae divergent, staminodes 2 or very rarely 3; nectary rim entire, cleft or lobed; carpels two, rarely with one carpel sterile, style one, straight, stigma bilobed. Fruit a slender capsule, plagiocarpic, dehiscence on both sides. Seeds numerous, tiny.
Distribution. Approximately 28 species in India (Western Ghats and NE India), China, Indo-China, Myanmar, Thailand, Peninsular Malaysia, Borneo (Sarawak) and Indonesia (Java, Sumatra, Bali, and Sumba) with centre of diversity in Thailand. In Malaysia, six species are recorded.
Habitat and ecology. In Peninsular Malaysia restricted to limestone hills. In wet, light to moderately shady places at cliff bases, on cliff walls in crevices and cracks, or at cave entrances. Branching, monopodial, herbaceous, short-lived plant. Stems brown to pale red or pale maroon, succulent, erect, flowering at 1 cm tall, erect up to 60 cm, 2-7 mm diameter, shortly decumbent at the base, hairs pubescent or strigose, rarely glabrous, internodes to 10 cm long. Leaves opposite, decussate, lowermost solitary (resulting from one of a pair dying); petioles green sometimes maroon, 2-6 cm long, hairs glandular and eglandular; lamina narrowly elliptic or elliptic, 6-15.5 × 2.5-7 cm, yellowish green to dark green above, pale green or greyish green or sometimes reddish beneath, soft when fresh, papery when dry, densely pubescent, base narrowly cuneate, unequal, margin serrulate, apex acuminate; midrib sunken above, prominent beneath, pubescent beneath, lateral veins 5-10 pairs on each side of the midrib, intercostal veins reticulate.
Inflorescences epiphyllous, to 6-flowered; bracts absent; pedicels pale green, sometimes greenish maroon, shortly fused to the petiole, to 1.5 cm long, sparsely glandular hairy. Calyx green, clasping the corolla tube, lobes narrowly triangular or very narrowly ovate, 10-12 mm long, 8-10 mm wide, margin ciliate, outer surface glandular and eglandular hairy. Corolla very sparsely hairy outside and inside, tube usually cream or yellowish, sometimes whitish or pale purple, 2.4-5.5 cm long, slightly curved, 2-4 mm wide at the base, inside throat dark yellow to pale yellow, glandular hairs in the mouth of the tube above the anthers translucent pale yellow; upper lobes elliptic, not spreading, 4−5.5 × 5−6 mm, lower lateral lobes elliptic, 5−6 × 4−6 mm, lower central lobe elliptic, slightly elongated, recurved or not, 6−8 × 5−10 mm. Stamens: filaments cream or white, inserted at 8-10 mm from the base of the corolla, 3-6.5 mm long, slightly curved or geniculate, glabrous; anthers pale yellow, pale brown or whitish, at base with long white deflexed hairs, anther thecae divergent, 2-3 mm long; staminodes 2 (rarely 3), cream or green, vestigial, inserted at 9 mm from the base of the corolla tube, 2-7 mm long, glabrous. Nectary pale yellow or cream, a shallowly lobed ring, to 1 mm high. Pistil pale green; ovary 1.8-2.5 cm long, 1 mm wide at the base, narrowing to 0.5 mm below the stigma, hairs glandular and eglandular; style 6-28 mm long; stigma deeply 2-lobed, to 3 mm long, above with very fine papillose hairs, beneath with very sparsely glandular hairs; ovules cream, less than 1 mm long. Capsules green, cylindric, slender, slightly curved towards tip, to 8 cm long, 1. Notes. This is overall the most common species in Malaysia but is less common further north (Kedah mainland and Kelantan) where it is then replaced by Microchirita involucrata. Where the distribution of these two species overlaps, they can occasionally be found on the same hill, e.g. Gua Bama, Pahang. It is absent from Langkawi, Kedah. It is the only species to occur in Borneo (Sarawak). Specimens for Sarawak are listed in Kiew (2004) . Microchirita caliginosa always produces carpets of seedlings that grow very quickly. One unusual Microchirita caliginosa population was found in Bukit Kaplu, Kedah, where the stem and lower lamina surface was reddish and the corolla was much smaller compared with the usual M. caliginosa. Branching, monopodial, herbaceous, short-lived plant. Stems pale green, reddish green or purplish, succulent, to 36 cm tall, 4-7 mm diameter, slightly pubescent, sometimes or rarely glabrous, internodes to 11 cm long. Leaves decussate; petioles green, sometimes maroon, 2-10 cm long, pubescent; lamina ovate to broadly ovate, 5.5-11 × 3.5-7 cm, yellowish green to dark green above, pale green or whitish green beneath, soft when fresh, chartaceous when dry, sparsely pubescent, base rounded or subcordate, unequal, margin serrulate, apex acute; midrib sunken above, prominent beneath, pubescent beneath, lateral veins 6-8 pairs on each side of the midrib, intercostal veins reticulate. Inflorescences axillary, cymose, to 6-flowered; peduncles, bracts and pedicels sparsely glandular hairy; peduncle 1.8-3 cm long, not fused to petiole; bracts dark green, opposite, in pairs, leaf-like, 10-20 × 9-15 mm; pedicels pale green, sometimes greenish maroon or downy, shortly fused to the petiole, 1-2 cm long, sparsely glandular hairy. Calyx pale green, clasping the tube, lobes narrowly triangular or very narrowly ovate, 5-6 mm long, 1-2 mm wide, margin ciliate, outer surface glandular and eglandular hairy. Corolla very sparsely hairy outside, corolla tube usually lilac or pale purple, sometimes dark purple, 1.4-2 cm long, slightly curved, 2-3 mm wide at the base, throat dark red; lobes plain or very faintly striped, upper lobe sometimes dark or violet blue, the lower lobes dark pink or dark purple, upper lobes triangular, not spreading, 3−3.5 × 5−6 mm, lower lateral lobes elliptic, 5−6 × 4−5 mm, lower central lobe elliptic, 5−6 × 8−9 mm. Stamens: filaments white, inserted at 6-10 mm from the base of the corolla, c. 6 mm long, straight, glabrous; anthers purplish white or dark purple; anther-thecae divergent, 1-2 mm long; staminodes 2, white, vestigial, inserted at 6-7 mm from the base of the corolla tube, 4-5 mm long, hairy, sometimes glabrous. Nectary cream or pale yellow, entirely cylindric, to 1 mm long. Pistil whitish green; ovary 5-9 mm long, 1.5 mm wide at the base, narrowing to 0.5 mm below the stigma, glabrous; style to 6 mm long; stigma pale brown or whitish purple, shallowly bilobed, 1-2 mm long, slightly bent backwards when mature, with very fine papillose hairs above; ovules cream, less than 1 mm long. Capsule pale to dark green, to 5.5 cm long, 1-2.5 mm wide, slightly curved, erect or horizontal, glabrous, slightly hairy towards tip; calyx persistent, green, hairy. Seeds yellowish cream to brown, many, 315-380 × 120-250 mm, narrowly ellipsoid to broadly ellipsoid, surface canaliculate, each testa cell or square with up to 6 knobs or bumps.
Microchirita involucrata
Distribution. Peninsular Thailand, Cambodia, southern Vietnam and Malaysia (Kedah, Kelantan and Pahang).
Habitat and ecology. Growing in limestone crevices and shady places. On Langkawi, Kedah, on limestone hills by the sea and, inland, at the base of limestone cliffs or on rich damp soil around cave mouths.
Provisional IUCN conservation status. Least Concern (LC). Populations occur in Taman Negara (The National Park) and it is the most common species found in the northern and eastern part of Malay Peninsula. shortly hairy; lamina ovate, sometimes obovate or lanceolate, 8-14 × 4.5-6.6 cm, yellowish green to dark green above, pale green to whitish green beneath, coriaceous when fresh and dried, sparsely strigose hairy on both surfaces, base oblique, unequal, margin shallowly serrate, apex acute; midrib sunken above, prominent beneath, lateral veins 6-8 pairs on each side of the midrib, intercostal veins reticulate. Inflorescence axillary, branched cyme, with up to 6 flowers; peduncles, bracts and pedicels with pubescent hairs; peduncles reddish green or pale green, to 5 cm long, not adnate to petiole; bracts dark green above, pale green or whitish green beneath, 1.2-3.5 × 1.2-3 cm, connate-perfoliate, margin serrate; pedicels green, to 1 cm long. Calyx pale green, clasping the tube, lobes narrowly triangular, 8-11 mm long, 7-11 mm wide, outer surface ciliate, inner surface glabrous. Corolla sparsely hairy outside with a cluster of hairs in the mouth of the tube above the anthers, hairs not bead-like, tube lilac, pale purple or white outside, throat whitish, 1.5-2.8 cm long, curved downwards; lobes faintly striped, dark purple, bluish purple, lilac or white, with 2 yellow patches on the lower lobes, upper lobe sometimes dark or violet blue, the lower lobes dark pink or dark purple, upper lobes elliptic, not spreading, 4−5 × 5−6 mm, lower lateral lobes elliptic, 5−6 × 4−5 mm, lower central lobe elliptic, 5−6 × 8−10 mm. Stamens: filaments slightly geniculate at the point of attachment, whitish with black-brown spots at the knees, inserted at 6-10 mm from the base of the corolla, 4-5.5 mm long; anthers cream with a purple mark, anther-thecae divergent, 2-3 mm long, with reflexed hairs to 2 mm long on the lower surface; staminodes 2, brown, inserted at 6 mm above the base of the corolla, less than 4 mm long, glabrous. Nectary pale green, a complete ring, up to 1.1 mm deep. Pistil light green; ovary 9-10 mm long, 0.5 mm wide at the base, narrowing to 0.2 mm below the stigma, hairs glandular; style to 4 mm long; stigma deeply 2-lobed, 2 mm long, very fine glandular hairy (abaxial), slightly papillose (adaxial); ovules cream, less than 1 mm long. Capsule green, to 8 cm long, slender, erect; calyx persistent, pale to dark green, hairy. Notes. Microchirita rupestris is not commonly found in Malaysia and has a narrow distribution, being found only west of the Main Range. The population from Gunung Baling, Kedah, was recorded with whitish flowers. Chirita glasgovii Ridl. is based on material collected at Waterloo, Perak but the type material is not distinct from Microchirita rupestris. An attempt was made to re-collect the species from a limestone area close to the type locality to confirm this decision but this was unsuccessful. Rafidah, Nordic J. Bot. 31: 612 (2013 ). -TYPE: Peninsular Malaysia, Kelantan, Jeli, Gunung Reng, 24 October 2009 isotypes E, SING) . (Fig. 2B-H , 3G-H, 8) Caulescent, herbaceous, branched plant. Stems pale green or whitish green, flowering at c. 10 cm tall, erect or sub-erect to 30 cm, 6-8 mm diam., sparsely to densely hairy, internodes 3.5-6.5 cm long, hairs eglandular, whitish. Leaves opposite, decussate; petiole pale green, 5-15 mm long, hairs eglandular; lamina ovate or elliptic, 6.5-14.5 × 6-6.5 cm, dark green, yellowish green above, pale green to whitish beneath, thinly coriaceous, pubescent, base cuneate, sometimes unequal, margin serrate, apex acute; midrib sunken above, prominent beneath, lateral veins 6-7 pairs on each side of the midrib, hairy, intercostal veins reticulate. Inflorescence epiphyllous (axillary), 1-4-flowered, flowering from petiole base; bracts absent; pedicels very pale green, shortly fused to the petiole, to 5-15 mm long, glandular hairy. Calyx pale green at base, dark green towards tip, clasping the corolla tube, lobes 8-10 mm long, 1-2 mm wide, apex acute, margin entire, hairy, outer surface glandular and eglandular hairy. Corolla tube very sparsely hairy outside, whitish, pale green, or sometimes dull purple, 2-2.5 cm long, slightly curved, throat very pale green to whitish green, glandular hairs above the anthers, glistening; lobes faintly striped, whitish, sometimes very pale purple, upper lobes rounded, spreading, slightly cleft at apex of each lobe, 4−5 × 5−7 mm, lower lateral lobes rounded, 4−5 × 5−7 mm, lower central lobe elliptic, elongated, 6−8 × 8−10 mm. Stamens: filaments pale green, inserted at 6-8 mm from the base of the corolla, 3-4 mm long, straight, glabrous; anther-thecae divergent, 1-2 mm long, yellow, not joined, with long reflexed hairs on the lower surface; staminodes 2 (rarely 3), pale green, inserted at 6 mm from the base of the corolla tube, 1.5-2 mm long. Nectary pale yellow or cream, less than 1 mm deep. Pistil pale green; ovary 1-1.4 cm long, c. 1.5 mm wide at the base, narrowing to 0.5 mm below the stigma, glandular and eglandular hairy; style 6-8 mm long; stigma deeply 2-lobed, c. Inflorescences epiphyllous, 1-4-flowered; bracts absent; pedicels pale green, shortly fused to the short petiole, 2-3 cm long. Calyx pale green, clasping the corolla tube, lobes narrowly triangular, 16-20 mm long, 2-3 mm wide, outer surface densely hairy. Corolla hairy outside, tube pale blue, lilac or white, to 2.6 cm long, narrowly tubular, slightly curved, not pouched, throat yellow, glandular hairs translucent brown, positioned above the anthers; lobes conspicuously striped, upper lobes rounded, not spreading, 3.5−5 × 5−6 mm, lower lateral lobes elliptic, 5−6 × 5−7 mm, lower central lobe elliptic, elongated, 6.5−8 × 8−10 mm. Stamens: filaments brown, inserted 1.1-1.4 cm from the base of the corolla, 4-8 mm long, slightly geniculate proximally; anthers very pale green, sometimes brown, anther-thecae divergent, 2-3 mm long, fused apically, with reflexed hairs on the lower surface; staminodes 2, cream, inserted 1.1-1.4 cm from the base of the corolla tube, to 2 mm long. Nectary pale green or cream, 2-3 mm long, margin entire. Pistil pale green, densely eglandular hairy; ovary 15-20 × 1-2 mm; style 1-1.2 cm long; stigma slightly 2-lobed, heart-shaped, to 2 mm long, abaxially velvety, adaxial with very fine papillose hairs. Capsule whitish green, to 7 cm long, cylindric slender, slightly curved; calyx persistent, green, hairy. Seeds yellowish cream, many in one row, 300-380 × 120-250 mm, broadly elliptic, rounded, surface papillate or canaliculate.
Microchirita ruthiae
Distribution. Endemic to Peninsular Malaysia (Perak, Perlis and Kedah).
Habitat & ecology. On limestone cliffs or rocks, in dry places at the foot of limestone cliffs, often under overhangs or near caves.
Provisional IUCN conservation status. Endangered EN B1ab(iii). This species does not grow within the network of Totally Protected Areas and has a narrow distribution. The populations are restricted to a few hills in Perak, i.e. Kuala Dipang, Ipoh limestone and one record from Gunung Baling, Kedah. The last collection from Gunung Baling was made in 1941 and recent field trips did not re-locate it from that area. Part of Gunung Baling is currently disturbed by quarrying activity. In Perak, no karst hill is protected and many hills are actively being quarried or the flora is being degraded by resort or recreational development or through activities related to temples . anthers pale yellow with purple markings, anther-thecae joined apically, 1.5-1.7 mm long; staminodes 2 or 3, unequal in size, white, inserted 5-8 mm above the base of the corolla, 1. 
